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[57) ABSTRACT

A pair of pump bodies are disposed on the opposite

sides of a rotor having vanes and a cam ring disposed in
surrounding relationship with the rotor. These pump

bodies serve the function of a sideplate and a pressure
- plate. The rotary shaft of the rotor is rotatably jour-

naled in one of the pump bodies. A flow control valve
is disposed in alignment with the axis of the other pump
body, and a relief valve 1s disposed in surrounding rela-
tionship with the flow control valve. In this manner, the
construction of various parts is simplified and the num-
ber of parts 1s reduced while simultaneously facilitating
the machining operation. The overall length and the
outer diameter as well as the weight of the pump can be
reduced, advantageously reducing the manufacturing

177310 cost of the pump. The construction is further simplified
| : by providing a cup-shaped casing around the pump
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1
OIL PUMP

BACKGROUND OF THE INVENTION

The invention relates to an o1l pump of the vane type

which can, for example, be used In a power steering
apparatus. utilized to facilitate handling of a steering
wheel of an automobile.

An oil pump of this kind generally comprises a rotor
having a plurality of radially extending slits in which a
plurality of vanes are slidably assembled, a cam ring
having a cam surface of substantially elliptical form and
disposed in surrounding relationship with the rotor, and
a sideplate and a pressure plate disposed on the opposite
sides of the combination of the rotor and the cam ring to
"define a pump chamber together with the cam ring. As
the rotor rotates, the vanes disposed in the slits move in
a reciprocating manner, with their outer ends disposed
in sliding contact with the cam surface to provide a
pumping function. An oil pump of the vane type per-
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mits its operation at a reduced noise level while utilizing |

a relatively simple construction and presents a high
operational reliability and freedom from failures. Be-
cause of these advantages, it finds an extensive applica-
tion in a variety of fields. .

In the conventional construction of such an oil pump,
the components of the pump including the rotor, the
cam ring, the sideplate and the pressure plate are dis-
posed in a space defined within a pump body, through
which a rotary shaft of the rotor extends and is rotat-
“ably journaled. This increases the overall length and the
outer diameter as well as the weight of the pump. In
addition, it requires an increased number of parts, many
of which must be machined in a troublesome operation.
All of these factors contribute to increasing the manu-
facturing cost of the pump.

It should be noted that the problem 1s even more
aggravated if a flow control valve controlling the flow
rate of an operating or hydraulic o1l discharged from
the pump chamber and a relief valve which maintains
the oil pressure below a given value must be integrally
disposed within the pump body, as required in an oil
pump which is used in a power steering apparatus, for
example. Specifically, if the flow control valve and the
relief valve are integrally mounted on the pump 1n sur-
rounding relationship or laterally of the pump compo-
nents, the outer diameter or the overall length of the
pump body will further increase. Such result is particu-
larly notable in many oil pump arrangements having a
relief valve which is assembled into a flow control
valve, thus presenting an increased overall length of the
-valve. R |

On the other hand, an oil pump of the type which is
utilized in a power steering apparatus i1s subject to a
number of limitations in view of the limited space avail-
able within an engine compartment and the desirability
of reducing its influence upon the entire weight and the
cost of an automobile. Therefore, it is apparent that
‘there has been a need in the art to eliminate the de-
scribed difficulties by providing an oil pump which 1s

small 1n size and low 1in weight and inexpensive to0 man-
ufacture.

SUMMARY OF THE INVENTION

~ Therefore, it is an object of the invention to provide
an oil pump which is inexpensive to manufacture and
has a reduced overall length and outer diameter. -
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This object is achieved by providing a pair of pump
bodies on the opposite sides of a rotor containing vanes
and a cam ring in which the rotor 1s disposed. The
individual pump bodies serve as a sideplate and a pres-
sure plate. The rotary shaft of the rotor is rotatably
journaled in one of the pump bodies while a flow con-
trol valve is disposed in the other pump body together
with a relief valve which 1s disposed in surrounding
relationship with the flow control valve for maintaining
the hydraulic pressure below a given value.

It is another object of the invention to provide an oil
pump which achieves the described results and facili-
tates the machining, by providing a cup-shaped casing
in surrounding relationship with the pump bodies so
that a space defined laterally of the pump body may be
utilized as a discharge pressure chamber of the pump.

Other objects, features and advantages of the inven-
tion will become apparent from the following descrip-
tion given In connection with the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal section of an o1l pump ac-
cording to one embodiment of the invention;

FIG. 2 is a cross section taken along the line A—A
shown 1n FIG. 1;

FIG. 3 is a side elevation as viewed in a direction
indicated by an arrow B shown in FIG. 1; and

FIG. 4 is a longitudinal section of another embodi-
ment of the invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Referring to FIGS. 1 to 3, there 1s shown an o1l pump
of vane type according to one embodiment of the inven-
tion. It is to be understood that the invention will be
described hereinbelow as applied to a power steering
apparatus. An oil pump generally designated by nu-
meral 10 includes a rotor 12 having a plurality of vanes
11, which are surrounded by a cam ring 13 having a
substantially elliptical cam surface 13a. A first and a
second pump body 14, 15 are disposed on opposite sides
of the rotor 12 and the cam ring 13 in abutting relation-
ship with the latter. The combination of the first and the
second pump bodies 14, 15 and the cam ring 13 defines
a pump chamber 16 into which an operating oil from an
oil tank is withdrawn and from which it 1s discharged.
In this manner, the first and the second pump bodies 14,
15 serve the same purpose as a sideplate and a pressure
plate which have been used in the prior art. A pair of
pins 17 extending through the cam ring 13 are a close fit
in both the first and the second pump bodies 14, 135 to
prevent relative rotation between them.

The first pump body 14 includes a flange 14a of a
diameter which is slightly greater than that of the cam
ring and which abuts against one lateral side of the rotor
12 and the cam ring 13. The pump body 14 is formed
with an axial bore 146 through which the rotary shaft 18
of the rotor 12 extends and is rotatably journaled in a
ball bearing 19 and needle bearing 20. The inner end of
the rotary shaft 18 is splined to the rotor 12 while its
threaded outer end 18z has a pulley, not shown,
mounted thereon which is coupled to an engine of an
automobile through a V-belt. An oil seal is shown at 21.

The second pump body 15 i1s disposed in abutment
against the other lateral side of the rotor and the cam

ring 13, and has a larger portion 154 of a diameter

which is substantially equal to that of the cam ring 13
and a smaller portion 156 having a reduced diameter.
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Centrally disposed within the second pump body 15 is a
flow control valve 23 for controlling the flow rate of a
hydraulic oil from the pump chamber 16, the valve 23
including a spool 22 which is movable along the axis
thereof. Radially outwardly of the flow control valve
23 is a relief valve 24 which maintains the hydraulic
pressure of the oil from the pump chamber 16 below a
given value.

More specifically, the flow control valve 23 is formed
with a valve opening 23a aligned with the axis of the
second pump body 15 and which opens into the side of
the smaller portion 155. At one end, the valve opening
23a is covered by a plug plate 25 having a damper ori-
fice 25a centrally formed therein. Introduced into a low
pressure chamber 26 defined between the plug plate 25
and the spool 22 is an operating oil from a pressure
chamber 27 on the discharge side of the pump, which is
defined laterally of the smaller portion 156 between the
latter and a cup-shaped casing to be described later,

through the damper orifice 25a. A pin 28 is fixedly

mounted on the end plate of the spool 22 located nearest
the rotor 12, and engages the inner end of the valve
opening 23a, thus defining a high pressure chamber 29,
into which part of the operating oil from the pump

chamber 16 is introduced through a passage 30 which is ~

formed in the second pump body 15. Intermediate its
length, the passage 30 branches into another passage 31
which extends axially of-the second pump body 15 and
which opens into the pressure chamber 27. Intermediate
its length, the passage 31 is formed with an orifice 31a,
which produces a pressure differential between the oil
pressure in the passage 30 and the oil pressure in the
pressure chamber 27. A return spring 32 urges the spool

22 toward the high pressure chamber 29. To provide for
an increased compressed length of the return spring 32
while reducing the overall length of the valve itself, the

end of the spool 22 is formed with a recess 22a. The

second pump body 15 is also formed with passages 33,

34, 35 which are utilized to introduce the operating oil
from the oil tank into the pump chamber 16, and part of

the passage 34 opens into the valve opening 23a. The

passage 34 i1s normally blocked by the spool 22, but

communicates with the passage 30 through the high

pressure chamber 29 to define a circulation path for

returning the operating oil from the pump chamber 16

to the suction side whenever the spool 22 1s actuated.
The relief valve 24 is formed with a valve opening
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It 1s to be noted that impurities such as iron powder
or deteriorations may be contained in the operating oil
from the discharge side of the pump which is supplied
to the relief valve 24 through the passage 40, and may
become deposited on the valve seat 36 or the ball 37,
thus precluding their normal operation. For this reason,
a conventional oil pump of this kind is provided with a
filter which is disposed in a passage introducing the
operating o1l into a relief valve so as to remove foreign -
matter from the operating oil. However, the arrange-
ment 1s susceptible to plugging because of the reduced
diameter of the passage, requiring a frequent change or
washing operation. To eliminate such problem, in the
present embodiment, the passage 40 associated with the
relief valve 24 opens into the low pressure chamber 26
of the flow control valve 23, and a filter 42 1s disposed
at the end of the valve opening 23a so as to be located
outside the plug plate 25, based on the recognition that
the operating o1l is introduced through the damper
orifice 25a formed in the plug plate 25 which 1s located
in the larger end of the valve opening 23a. The filter 42
comprises a mesh screen 42q and its surrounding annu-
lar ring 42b, which 1s fitted into the end of the valve
opening 23a. An increased diameter of the valve open-
ing 23a as compared with that of the passage 40 reduces -

- the likelihood that the mesh screen 42a may be plugged,

while positively cleaning the operating oil. As a resuit,
the operational reliability of the relief valve 24 is as-
sured.

"The components of the pump mcludlng the rotor 12,
the cam ring 13, and first and second pump bodies 14, 15

~ are all contained in a casing 50 which is generally cup-

35

40

shaped, as will be noted from FIG. 1. The casing 50
includes a larger portion 50g of an inner diameter which

is substantially equal to the outer diameter of the flange
14a of the first pump body 14, and a smaller portion 505

of an inner diameter which corresponds to the smaller
portion 155 of the second pump body 15 and forming
the bottom of the casing. The casing can be simply
formed by a press operation. Around the inner periph-

— ery of the opening end, the casing 50 is formed with an

45

~ 24a which opens into the outer periphery of the larger

portion 15a of the second pump body 15. A valve seat
36 is a press fit into the bottom of the valve opening 244,

and is formed with an aperture which is blocked by a

~ ball 37, which is in turn urged against the aperture by a
spring 38 having its other end abuiting against a set
screw 39. By adjusting the degree of threadable engage-
ment of the set screw 39, the relief valve 24 can be
preset to operate at a given pressure. The relief valve 24
normally communicates with the low pressure chamber
26 in the flow control valve 23 through a passage 40,
and also communicates with the pressure chamber 27 on
the discharge side through the damper orifice 25a. On

30

55

the other hand, a pressure chamber 41 on the suction

side of the pump is defined in the cup-shaped casing in
~ aregion of the outer periphery of the larger portion 154
into which the valve opening 24a of the relief valve 24
opens, thus returning the oil to the suction side when-

65

ever the pressure within the discharge pressure cham- |

ber 27 exceeds a given value.

annular groove S0c.

“The second pump body 15, the rotor 12 and the cam
ring 13, and the first pump body 14 are sequentially
received into the casing 50 in a stacked manner, with

the second body 15 being located adjacent the bottom

of the casing. A snap ring 51 is fitted into the annular
groove 50c to lock the flange 14¢ of the first pump body
14. When assembled in this manner, the smaller portion
155 of the second pump body 18 fits in the smaller por-
tion 504 of the casing 50, whereby the pressure chamber
27 representing the discharge side of the pump 1s de-
fined between the bottom of the casing 50 and the
smaller portion 156 while the pressure chamber 41 rep-
resenting the suction side of the pump is defined be-
tween the larger portion 50z of the casing 50, the cam
ring 13, and the outer periphery of the larger portion
154 of the second pump body 15. O-ring seals 52, 53 seal
the respective pressure chambers 27, 41. A discharge
pipe 54 and a suction pipe 35 are disposed to communi-
cate with the pressure chambers 27, 41, respectively,
through the bottom and the outer peripheral portion of
the casing 50. A spring 56 is disposed within the pres-

sure chamber 27 for urging the entire second pump

body 15 against the rotor 12.

Disposed against the opening end of the casing S0 1s a
bracket member 57, with the first pump body 14 and the
rotary shaft 18 of the rotor 12, which is journaled
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therein, projecting outward therethrough. The bracket
member 37 is secured to the first pump body 14 by four
‘bolts 58 which are circumferentially spaced apart. It
will be noted that a collar 59 maintains a given spacing
between the bracket member 57 and the first pump
body 14, and also prevents an inward withdrawal of the
‘snap ring 51. The bracket member 57 includes 2 mount-
Ing piece S7a extending outward for allowing the oil
pump 1€ to be fixedly mounted on a given location as in
an engine compartment of an automobile. On its side
facing the casing, the bracket member 57 is provided
with a cylindrical fitting member 60 which externally
engages the opening edge of the casing 50 in order to
hold it under pressure. The purpose of the fitting mem-
ber €0 1s to prevent the opening edge of the casing 50
from being urged outward as a result of increased pres-
sure within the casing 50 as the pumping action pro-
ceeds. - | |

The o1l pump 10 thus constructed has a number of
features. Specifically, a sideplate and a pressure plate
which are disposed on the opposite sides of the rotor 12
and the cam ring 13 in a conventional arrangement of
o1l pump and standing in the way to reducing the size of
the pump are eliminated in accordance with the inven-
tion, by the provision of the first pump body 14 which
rotatably carries the rotary shaft 18 of the rotor 12 and
of the second pump body 15 containing both the flow
control valve 23 and the reliet valve 24, which bodies
are disposed directly on the opposite sides of the rotor
12 and the cam ring 13 to serve the function of the
sideplate and the pressure plate. In this manner, the
construction of the various parts is simplified, permit-
ting a reduction in the number of parts required and
facilitating the machining thereof. In addition, the over-
all length and the outer diameter of the pump can be
reduced, thus achieving a reduction in the size and the
weight of the pump. A further reduction in the size and
the weight of the pump is achieved by disposing the

flow control valve 23 in a central region within the

second pump body 15 which has a reduced outer diame-
ter than the cam ring 13 and separately disposing the
relief valve 24 in surrounding relationship with the flow
control valve, and by reducing the axial length of the
both valves.

In addition, a space formed between the second pump
body 15 and the casing 30 which may be simply formed
by a press operation is utilized to define the pressure
chamber 27 of the discharge side, the internal pressure
of which urges the pump body 15 agamst the rotor 12.
In this manner, the construction is simplified while
avolding a troublesome machining Operation All these
factors contribute to a reduction in the size, the welght
and the manufacturing cost of the pump.

The 01l pump 10 constructed in the manner men-
tioned above can be assembled together in a simple
manner, by disposing the rotor 12, the cam ring 13, and
the first and the second pump bodies 14, 15 in a stacked
manner into the casing 50 after various parts have been
assembled on these members, fixing the assembly by the
snap ring 51 and fitting the bracket member 57 having
the fitting member 60 around the opening end of the
casing 50.

The oil pump 10 thus assembled performs a safe,
stable and smooth pump operation in a manner to be
described below. Specifically, as the rotor 12 rotates,
the operating oil from the oil tank is drawn into the
pump chamber 16 through the suction pipe 55, the pres-
sure chamber 41 and the passages 33, 34 and 35, and is
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discharged therefrom by the vane 11 to be fed to the
pressure chamber 27 of the discharge side through the
passages 30 and 31 and thence suppled to a power
steering device through the discharge pipe 54. Part of
the operating oil flowing through the passage 30 is
introduced into the high pressure chamber 29 of the
flow control valve 23 while the hydraulic oil from the
pressure chamber 27 on the discharge side is introduced

into the low pressure chamber 26. As the number of
revolutions of the engine of the automobile increases to
increase the discharge flow from the pump chamber 16
above a given value, the pressure differential across the
spool 22 causes it to move toward the low pressure
chamber 26, whereby the operating oil introduced into
the high pressure chamber 29 is returned to the passage
34 of the suction side, thus controlling the discharge
flow from the pump. When the pressure within the
pressure chamber 27 on the discharge side exceeds the
given value, the relief valve 24 becomes operative, re-
turning the operating oil of the discharge side to the
pressure chamber 41 of the suction side, assuring the
operational reliability of the various parts.

It should be understood that the invention is not lim-
ited to an oil pump construction as exemplified by the
embodiment mentioned above, but that the construction
of various parts can be freely changed in a suitable
manner. A modification is illustrated in FIG. 4 where an
o1l pump 10 includes a cylindrical casing 50 with a
bottom, with pump components such as a cam ring 13
and a first and a second pump body 14, 15 of substan-
tially equal diameter assembled therein. A pressure
chamber 41 on the suction side is defined by the outer
periphery of the cam ring 13 and an annular groove 70
formed in the outer periphery of the second pump body
15. A communication is established between the low

- pressure chamber 26 of a flow control valve 23 and a

45
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pressure chamber 27 on the discharge side through a
passage 71 of a small diameter which extends diametri-
cally through a lateral projection of the second valve
body 135. In this instance, a plug plate 25 is formed by a
blind plate. The flow control valve 23 includes a high
pressure chamber 29 which is defined by an annular
groove 72 formed in the end of the spool 22. Other parts
are also suitably modified in a manner to facilitate their
shaping operation. A fitting member 60 which is fitted
around the opening end of the casing 350 includes a
mounting piece 60a which is disposed in overlapping
relationship with the mounting piece §7a of a bracket
member 57, so that the mounting pieces 60a. 57¢ can be
connected together as by bolts.

In the two embodiments described above, the relief
valve 24 which is disposed in the second pump body 15
has its valve opening 24a terminating in the outer pe-
riphery of the pump body and its components assem-
bled in a direction perpendicular to the flow control
valve 23 which is centrally disposed in the pump body.
However, it should be understood that the invention is
not limited thereto, and that the relief vale may be dis-
posed in parallel relationship with the flow control
valve. |

In the above embodiments, the oil pump 10 has been
described as applied to a power steering apparatus, but
it should be understood that the invention is not limited
thereto in its application, but can be used in a variety of
hydraulic instruments where a reduced size and weight
1s required for the oil pump.

While several embodiments of the invention have
been shown and described in detail by way of illustra-
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tion, 1t should be understood that they are illustrative
only and not Iimitative of the invention. Thus, a number
of changes and modifications therein will readily occur
to those skilled in the art without departing from the
scope and spirit of the invention. Therefore, it is in-
tended that the appended:claims cover all those changes
and modifications as fall within the scope of the inven-
tion. . L | |

What 1s claimed is:

1. An o1l pump comprising a casing having an inlet
and an outlet for hydraulic fluid and having a pump
inlet chamber adjacent said inlet and a pump outlet
chamber adjacent said outlet, a rotor having a plurality
of vanes, a cam ring surrounding said rotor, first and
second pump bodies disposed on opposite sides of and in
abutting relationship with said rotor and said cam ring,
sald rotor, said cam ring and said first and second pump
bodies being disposed within said casing, said cam ring
and said first and second pump bodies defining a pump
chamber, said pump chamber having a suction side and
a discharge side, said rotor being disposed inside said
pump chamber for rotation therein to pump hydraulic
fluid from said suction side to said discharge side, said
rotor including a shaft which extends through and is
rotatably supported in one of said pump bodies, a flow
control valve for controlling the rate of flow of hydrau-
lic fluid discharged through said outlet of said casing, a
relief valve for maintaining the pressure of said hydrau-
lic fluid discharged through the outlet of said casing
below a predetermined value, said flow control valve
and said relief valve being disposed in the other of said
pump bodies, said other pump body having a first pas-
sage extending from said discharge side to said suction
side of said pump chamber, said first passage having a
high pressure chamber between its ends, said flow con-
trol valve being disposed in said high pressure chamber
for controlling flow of hydraulic fluid through said first
passage, said other pump body having a second passage
extending from said discharge side of said pump cham-
ber to said pump outlet chamber, said second passage
having a first orifice of restricted size between 1its ends
so that the pressure of the hydraulic fluid upstream from
said orifice is higher than the pressure of the hydraulic
fluid downstream from said orifice, said flow control
valve having a low pressure chamber and an opening
into said low pressure chamber, a plug plate covering
sald opening and having a second, damper orifice ex-
tending therethrough, said damper orifice communicat-
ing with said second passage at a location therein down-
stream from said first orifice so that said flow conrol
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lected value whereby to return the hydraulic fluid to
said pump inlet chamber. | | |

2. An o1l pump according to claim 1, including a filter
located adjacent to and covering said plug plate.

3. An o1l pump comprising a cup-shaped casing hav-
ing an inlet and an outlet for hydraulic fluid and having
a pump inlet chamber adjacent said inlet and a pump
outlet chamber adjacent said outlet, a cylindrical fitting
member closing the open end of said casing, a rotor
having a plurality of vanes, a cam ring surrounding said
rotor, a pump body disposed on one side of and in abut-
ting relationship with said rotor and said cam ring, said
rotor, said cam ring and said first pump body being
disposed within said casing so that the pressure in said
discharge chamber urges said pump body against said
rotor, said cam ring and said pump body defining a
pump chamber, said pump chamber having a suction
stde and a discharge side, said rotor being disposed
inside said pump chamber for rotation therein to pump
hydraulic fluid from said suction side to said discharge
side, a flow control valve for controlling the rate of
flow of hydraulic fluid discharged through said outlet
of said casing, a relief valve for maintaining the pressure
of said hydraulic fluid discharged through the outlet of
satd casing below a predetermined value, said flow
control valve and said relief valve being disposed in said

- pump body, said pump body having a first passage ex-
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valve is movable in response to the differential of the

pressure in said high pressure chamber and said low
pressure chamber, said other pump body having a third
passage extending between and communicating with
sald low pressure chamber and said pump inlet cham-
ber, said relief valve being disposed in said third passage
so that said relief valve is opened when the hydraulic
pressure 1n said low pressure chamber exceeds a se-

55
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tending from said discharge side to said suction side of
said pump chamber, said first passage having a high
pressure chamber between its ends, said flow control
valve being disposed in said high pressure chamber for
controlling flow of hydraulic fluid through said first
passage, said pump body having a second passage ex-
tending from said discharge side of said pump chamber
to said pump outlet chamber, said second passage hav-
ing a first orifice of restricted size between its ends so

‘that the pressure of the hydraulic fluid upstream from

said orifice is higher than the pressure of the hydraulic
fluid downstream from said orifice, said flow control
valve having a low pressure chamber and an opening
into said low pressure chamber, a plug plate covering
said opening and having a second, damper orifice ex-
tending therethrough, said damper orifice cornmunicat-
ing with said second passage at a location therein down-
stream from said first orifice so that said flow control
valve is movable in response to the differential of the
pressures in said high pressure chamber and said low
pressure chamber, said pump body having a third pas-
sage extending between and communicating with said
low pressure chamber and said pump inlet chamber,
said relief valve being disposed in said third passage so
that said relief valve is opened when the hydraulic pres-
sure In said low pressure chamber exceeds a selected
value whereby to return the hydraulic fluuid to said
pump inlet chamber. " |

4. An oil pump according to claim 3, including a filter

disposed adjacent to and covering said plug plate.
| *x kX %X % % | .
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